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REPORT SUMMARY

This Scientific Report, the eighth in a series, is the last report to be

published under Contract Fl9628-74-C-0l88. A list of the complete series

documenting the geophysical conditions during selected rocket launches of

the ICECAP Program follows :

Report # Rocket Experiment # AFGL Doc # AD #

1 A1O.3l2-3 AFCRL-TR-74-0540 A008496

2 A18.006-2 AFCRL-TR-75-0040 A008500

3 EX531.43-l AFCRL-TR-75-0327 A0l8055

4 Aurora/Particle AFCRL-TR-75-0508 A032730
r Precipitation

Correlation Study

5 Ic 511.21-lA AFGL-TR-76-0632 A033093

6 IC 507.ll-2A AFGL-TR-76-OOlO A03473l

7 IC 519.07-lB AFGL-TR-76-0007 A03438l

8 IC 630.02-lA AFGL-TR-77-0073 —
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Suriinary

The PF-SGT-116 rocket was launched at 08:05:20 UI, Apri l 1 , 1976

• into an acti ve auroral display . The region traversed by the rocket

was filled with auroral precipitation for many minutes prior to launch .

During the flight the activity moved south and away from the rocket

trajectory. Intensities at the 100 km entry point were greater than

200 kR in 0I(5577A) emission at launch but fel l to 14 kR wi thin two

mi nutes. Large fluctuations in intensity occurred within the trajectory

during the flight. The magnetic activity at college was initially -300-y

in AH and became more negative , -800y, wi thin the 5 minutes after launch.

The Ft. Yukon magnetic activity varied from -750y to -600y over the same

period . Absorption associated with this activity was greater than 2 db

at Poker Flat. The large variations observed in both intensity and

position of the aurora during this launch will complicate the detailed

study of the rocket data in association with those data obtained on

the ground .
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PREFACE

The High Altitude Effects Simulation (HAES) Program sponsored by

the Defense Nuclear Agency since the early 1970 time period , comprises

several groupings of separate, but interrelated technical activities ,

e.g., ICECAP (Infrared chemistry Experiments--Coordinated Auroral Pro-

gram). Each of the latter have the comon objective of providing infor-

mation ascertained as essential for the development and validation of

predictive computer codes designed for use with high priori ty DoD radar ,

comunications, and opti cal defensive systems.

Since the inception of the HAES Program , significant achievements

~
• 

~
- and results have been described in reports published by DNA , partici-

-: pating service laboratories, and supportive organizations. In order to

provide greater visibility for such information and enhance its timely

applications , significant reports published since early calendar 1974

shall be identified with an assigned HAES serial number and the appro-

priate activity acronym (e.g., ICECAP) as part of the report title. A

complete and current bibliograp hy of all HAES reports issued prior to

and subsequent to HAES Report No. 1 dated 5 February 1974 entitled ,

“Rocket Launch of an SWIR Spectrometer into an Aurora (ICECAP 72),”

• AFCRL Environmental Research Paper No. 466, is maintained and available

on request at DASIAC , DoD Nuclear Information and Analysis Center , 816

State Street, Santa Barbara , California 93102, Telephone : (805) 965-

This report, which is the eighth report under DNA Contract Fl9628-

74-C-0188 is the 63rd report in the HAES series and covers technical

activities performed during the period November 1975 through Apri l

____
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1976. The purpose of the work herein is to provide a geophysical des-

cription of the auroral and geomagnetic environment during the launch

of ICECAP rocket PF-SGT—116 (IC 630.02-lA) to assist in interpretation

of the primary measurements obtained by the sensors onboard this specific

experimental payload.
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INTRODUCTION

This report describes the general auroral activity associated wi th

the launch of rocket PF-SGT-ll6 on UT April 1 , 1976 at Poker Flat Research

Range. Included in this report are peripheral data pertinent to the

launch , atmospheric meteorology and ground station instrumentation

operation.

The format is arranged in sections to facilitate l ocating specific

information on the various types of data and instruments that were in

operation. Explanatory material is included with each section for

completeness.

The sunmiary that is presented pertains only to the description of

the geomagnetic activity and our evaluation of the usefulness in pro-

ceeding to detailed absolute intensity and high time resolut ion studies

of the available ground based data .
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Section 1 - Launch Parameters

This section reviews all of the pertinent details known at the time

of the preparation of this report on the launch parameters of the vehicle.

The specific details of the launch are listed in Table 1.

TABLE 1 Launch Resume

Veh icle Type Sar gent

Poker Fla t Research Range Vehicle Code Number---PF-SGT-1l6

‘NASA or other Vehicle Code Number IC 630.02-lA
‘~ -p

Launch Date and Time UT Apri l 1, 1976 08:05:20

Launch Azimuth predicted , (actual setting) 47, (40 .3)
--1

QE predicted , (actual setting) 81.8, (86.0)

‘1 Apogee Altitude predicted , (actual) (125.6km )

Apogee Time pred icted , (actual) (08:08:14.4)

Impact Range predicted , (actual) (128.6 km)

Impact Azimuth predicted , (actual) (37.3)

-Impact Time predicted , (actual ) (08:11:52.8)

Table 2 lists the rocket and field line observation angles obtained

from the trajectory supplied by AFGL . Listed in 10

second steps in time after the launch (T+O) are the Azimuth and Eleva-

ti on ang les to the vehicle and to the 100 km i nterce pt po int along the

field line through the rocket as seen from Poker Flat , Ft. Yukon and

Ester Dome . The magnetic field model ~~~ in this calculation is the

Pogo L-65 internal field model. The altitude of the rocket is also

l isted. 
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Section 2 - Meteorological Data

~~~ ! The weather summaries are given in Table 3. The data are obtained

~~ from either station logs , ASC data) or weather bureau records. Also

included in Table 4 (next page) are the complete 3 hour climatology data

-

~~~~ 
. for the months of March and April at the U. S. Weather Bureau Station at

the Fairbanks International Airport. Local time is used in these weather

summaries.

TABLE 3 Weather Summary April 1 , 1976

r 

- Ester Poker Ft. Mould Sachs
Time (UT) Dome Flat Yukon Bay Harbor Inuvik

05 Clear Clear Clear Clear

06 Clear Clear Clear NO NO Clear

07 Clear Clear Clear DATA DATA Clear

08 Clear Clear Clear FOR FOR Clear

09 Clear Clear Clear THIS THIS Clear

10 Clea r Clear Clear TIME TIME Clear

- 11 Cloudy Cloudy Clear Cled r

12 Cloudy Cloudy C’ear Clear

Tab le 5 gives the wind parameters at Poker Flat at the time of launch.

TABLE 5 Wind Data at Launch

Surface Wind Vel ocity 3.1 rn/s Az 25.4°

Ballist ic Wind Velocity 5.9 m/s Az 64.6° 
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Exami nation of the ground station data shows that Ester Dome, Poker

Flat and Ft. Yukon skies were clear during the launch of this rocket,

thus corrections for extinction and scattering for these stations can be

- used, which are appropriate for clear skies . Good MSP data from both
.1

Ft. Yukon and Poker Flat were obtained and the combination of all of

- 
- - 

these observations wi th the all-sky camera data can be used to describe the

- auroral activity .

S -
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- - Section 3 - Solar and Lunar Data

Table 6 is a list of the geographic azimuth and elevation angles of

the sun with respect to the true horizon on Apri l 1 , 1976, for Poker Flat.

TABLE 6 Solar Azimuth and Elevation

Station Location Lat = 65.13 Long 147.48

UT Time Azimuth Elevation

0000 215.1851 25.1844
0100 230.8094 20.8778
0200 245.5641 15.5133
0300 259.6430 9.4907
0400 273.3459 3.1918
0500 287.0043 - 3.0199

- 
- -‘ 0600 300.9298 - 8.7875

0700 315.3674 -13.7524
~I 0800 330.4397 -17.5615

0900 346.0897 -19.9008
1000 2.0651 -20.5528
1100 17.9897 -19.4527
1200 33.5075 -16.7086
1300 48.4136 -12.5690
1400 62.7015 - 7.3628
1500 76.5310 - 1.4465
1600 90.1696 4.8218

- - - 1700 103.9380 11.0849
— 1800 118.1651 16.9753

1900 133.1319 22.1055
2000 148.9890 26.0750
2100 165.6569 28.5109
2200 182.7769 29.1477
2300 199.8050 27.9104
2400 216.2368 24.9424



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Table 7 is a list of the geographic azimuth and the elevation

angles of the moon with respect to the true horizon for Poker Flat

during April 1 , 1976.

TABLE 7 Lunar Azimuth and Elevation

Station Location Lat = 65.13 Long = 147.48

UT Time Azimuth Elevation

0000 202.9519 34.4130
0100 219.5760 31.3186

0 .4 0200 235.1339 26.9040
0300 249.6634 21 .5647
0400 263.3995 15.6977
0500 276.6547 9.6624
0600 289.9041 4.1594
0700 303.0856 - 1.2344

— 0800 316.5709 - 5.8504
0900 330~4703 - 9.4072
1000 344.7508 -11.6566
1100 359.2635 -12.4273
1200 13.7719 -11.6583
1 300 28.0375 - 9 .3994
1400 41 .7 8 4 2  - 5.4388
1500 55 .1960 - 0.7896
1600 68~2830 4.6575
1 700 81~2479 10.6192
1800 94 .3713 16 .7860
1900 107 .9763 22 .8456
2000 122.4064 28.4382
2100 137 .8019 33.560 7
2200 154 .5841 37.0304
2300 172 .3535 38 .8414
2400 190.4758 38.7616

_  A
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Section 4 - Magnetic Data and Indices

The magnetometer data from the stations listed in Table 8

TABLE 8 Location of Magnetic Observatories

Geographic Geomagnetic

Location Latitude Longitude Latitude Longitude

Inuvik N 68.25 W 133.3 N 70.59 W 93.59

Ft. Yukon N 66.57 W 145.25 N 66.9 W 95.3

Poker Flat N 65.13 W 147.48 N 65.11 W102.46

are presented in Figure la , b, c. The time of the rocket launch is

* indicated on each set of records . Separate records are presented here

because the scaling machine used to convert these data for computer

processing is currently inoperative.

Figure 2 presents the magnetometer data in terms of variations of

the magnitude of Z and H components with latitude. The magnetometer

data at T-5 mm at Poker shows an initial —500y value in ~H similar to the

l evel at Ft. Yukon but much more negative than Inuvik (-lOOy ). At

launch , ~H at Ft. Yukon had changed to -750y . At T+5 mm the Poker deflection

was much more negative (-800y ) than either Ft. Yuk on or Inuvik. This

change illustrates the intensification and southern movement of the current

sheet during the rocket launch period . The magnitude of the current

density to a first approximation (o~ sheet current) in Amp/km is the same

numerical value as the H component magnitude in gamma . The actual value

may be as much as two or more times tha t deduced from the magnitude of

the magnetometer data but the teupora l variation will be similar.

Figure 3 shows the tota l K index , planetary Kp index and DST va l ues

for UT , April 1 , 1976. During the rocket flight , K~ and K were 8 and 7,

respectively.
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- The rocket flight occurred at the beginning of a large negative bay in

~H associated with ,the onset of an aurora l substorm nearly over Poker

Flat . The maximum of the negative bay >(-l000y) in t~H occurred at 0930
- 

. UT April 1 , 1976.

The DST value , as seen from Figure 3, was between -195 -
~ and -221 -

~

I 

during this launch , which im plies using the data in Figure 4 that the

cut-off trapping boundary for high energy electrons must have been very

far south of Poker Flat. 

_ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  j
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Section 5 - Radar Observations

During this period in the spring of 1976 the 50 MHz NOA.A radar at

- 
- 

Anchorage was in operation on a routine basis. Resumes of their data ,

instrumentation , and operational details are available from NOAA in

• Boulder , Colorado.

In addition , data from the Chatanika Incoherent Scatter radar are

also available from SRI.

Any detailed study of the rocket data should incorporate a detailed

examination of the available radar data . It is particularly applicable

to the spatial structure of electron density i rregularities , electric

fields, neutra l winds , and spatial and temporal dynamics of the particle

precipitation. 

- - - - .- _ -~~~~~~~~~ - - - -~~~~~~~~ --~~~~~~~~~ -~~~~~~-- --------- - - --
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Section 6 - All Sky Camera Observations

Table 9 lists the stations from which either 16mm or 35mm all sky

camera and other instrument data are available durin g the period of

interest on April 1 , 1976. The auroral data quali ty from each site

depends on the cloud coverage as indicated in Section 2.

Figure 5 is a composite of 35mm all sky camera photogra phs for the

period prior to, during and after the launch of PF-SGT-ll6.

The stations used were Ft. Yukon and Poker Flat. Time in UT as

well as in seconds with respect to launch are indicated on each print.

I;.
. From these photographs and a review of all of the data available ,

we describe the general auroral situation covering this rocket launc h .

TABLE 9 Geophysical Instruments Operating

Apri l 1, 1976

Chatanika Murphy Dome
Incoh . Scat. Radar - continuous 16ASC - 0 5 : 1 514 : 4 5  UT

35ACS - 06:31-13:37 LiT

Fort Yukon College
F-I-

MSP - 08:01-09:36 UT Riometer - Continuous
35ASC - 07:22-09:39 UT Magnetometer - Continuous
16ASC - 05:15-14:15 UT
Riometer - Continuous
Magnetometer - Continuous

Poker Flat Inuvik
35ASC 08:01-09:49 UT Riometer - Continuous
16ASC 05:15-14:45 UT lagnetometer - Continuous
Magnetometer - Continuous 16ASC - 04:30-13:30 UT
Riometer - Continuous
Spectrometer - 05:15-10:21 UT
MSP 08:00-09:50 UT



t )

Fig ure 5. All iL- ,1 ’ Camera Data Prior To , During, and A t t - I -

L aunch  (Br iqht Au rora are Printed B lack ) .



April 1 , Auroral Description
(from Poker Flat Data)

UT
0627—0648 Zenith aurora l rayed arcs were visible in the bright

twilight sky

0649—0656 Decreased auroral activity overhead as the aurora moved
equatorward still in twilig ht

0657-0707 Aurora l activity appea red between the southern horizon and
300 elevation angle in the south with little activity in
the northern sky

0708-0757 Activity increased with many arcs and ray structures between
the southern horizon and the zenith , later covering the north
too.

0758-0802 Auroral arcs brightened and a large spiral moved from east
to west, north of the zenith .

0802—0804 Bright aurora from the zenith to the northern horizon
gradually filled the whole sky with intense auroral arcs
and structures -

0804-0808 Rapid changes occurred in intensity and position as the main
auroral region moved equatorward

0809-0813 Bright arc and arc segments were associated wi th the movement
of a large surge across the southern sky. The northern part
of the sky had no structure only a general glow

0814—0823 Zenith to southern horizon was filled with multiple arcs
while only a single arc remained in the north about 200
elevation

0824-0828 Decreased activity where only simple arcs remained both in
the north and south . However , more activity was occurring
equatorward of the southern arc

0829—0839 Increased southern activity was followed by a l owering of
intensity over the whole sky in which only broken arcs and
glows remained .

0840—0854 Activity in north icc--- :-3d arcs moved through the zenith and
re-formed into t:..11 -:d in arc structures in the south and north .

0855-0946 Arcs at 200 eievat io~ in both the north and south and
across the zenith orightened and were followed by more
extenz.ive activity over the whole sky . Very intense activity
over the whole sky continued until the sky became overcast
after which observations ceased . 

-~~~~ ---- - - - - --- —- - - ~n-- - ---- - - A



Section 7 - Meridian Scanning Photometer

Meridian scanning photometers were operated at Poker Flat and Ft.

Yukon during this rocket launch. Tables lOa and lOb give the time

variations of the 4278, 6300 and 5577 emissions as seen from Ft. Yukon

and Poker Flat for the 100 km entry and exit look angles as well as for

auroral maxima in between. FigurE’s 6a and 6b illustrate the intensity -

5 time plots of the maximum and minim um values of the 4278, 6300 and 5577

emissions at Ft. Yukon. Figures 6c and 6d are the respective plots for

Poker Flat. Figures 7a and 7b are intensity-time plots of 4278, 6300

and 5577 for the entry and exit look angles at Ft. Yukon. Figure 7c and

7d are the respective plots for Poker Flat. The Ft. Yukon and Poker Flat

F -~~~ intensity calibrations in kilo rayleighs in all 4 wavelengths are given

in Table lla and llb in terms of voltage deflection. The MSP frame at one

time during the launch as seen from Ft. Yukon is shown in Figure 8

along with the ordinate in -5 to +5 volt deflection units which can be

converted to absolute intensity wi th the calibration curves in Table lla.

Figures 9a and 9b have the MSP data at Ft. Yukon and Poker Flat scaled to

the same size as the all sky camera data for the period during launch. Poor

operation of the data recording camera at Poker Flat precluded using it orior

to I + 119 seconds as shown in Figure 9a. Illustration of the events prior to

that time as seen from Ft. Yukon are in Figure 9b. Good chart records at

Poker Flat are available for the complete launch period . The all sky camera

and MSP comparison is only useful to illustrate the actual intensities of

some of the main features on the all sky camera . In reality , the angular

scale on the MSP is truly linea - 11hereas that on the ASC is not linear

in angle versus distance across the image. Thus , the two records may

agree near the zenith but will not agree as the aurora increases in

zenith angle. Also , the 35mm ASC is limited to an 80° zenith angle

where the MSP data include s the horizons , so additional peaks may occur

on the MSP data that do not occur on the ASC. 
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Figure 6a. Intensity Time Plot of 4278, 5577 and 6300 Emission

Maxima for Ft. Yukon.
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Figure 6b. Intensity Time Plot of 4278, 5577 and 6300 Emission
Minima for Ft. Yukon.
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Figure bc. Intensity Time Plot of 4278 and 5577 Emission Maxima
for Poker Flat. j
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Figure 7a. 100 km Entry Look Angl e 4278, 5577 and 6300 Inte,”~ity
lime Curves for Ft. Yukon.
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TABLE h a  Intensity Calibrations (kR) Ft. Yukon

Vol tage 5577 4278 6300 I-I Beta

-5.00 0 0 0 0
4.75 .128 .051 .33 .011
4.50 .160 .112 .66 .022
4.25 .199 .164 1.00 .035
-4.00 .251 .234 1.33 .047
3.75 .318 .318 1.67 .058
3.50 .397 .42 2.00 .070
3.25 .488 .49 2.35 .082

• -3.00 .613 .772 2.67 .094
2.75 .774 .98 3.00 .106
2.50 .978 1.26 3.34 .118
2.25 1.22 1.54 3.68 .127
-2.00 1.53 1.92 4.01 .141
1.75 1.94 2.34 4.35 .151
1.50 2.40 2.91 4.70 .165
1.25 2.96 3.51 5.04 .174
-1.00 3.67 4.35 5.36 .188
0.75 4.54 5.38 5.71 .198

— 0.50 5.61 6.46 6.03 .212
0.25 6.95 7.81 6.38 .224
0 8.6 9.60 6.70 .235
+0.25 10.6 11.7 7.05 .247
0.50 13.2 14.5 7.37 .258
0.75 16.3 17.8 7.71 .270

+1 .00 20.2 21.5 8.06 .282
1.25 25.0 26.2 8.38 .291
1.50 30.9 32.3 8.73 .306
1.75 38.2 38.8 9.05 .31 7
+2.00 47.3 47.7 9.39 .329
2.25 58.5 58.5 9.74 .341
2.50 72.4 71.1 10.08 .353
2.75 89.7 86.6 10.40 .364
+3.00 111 108 10.73 .376
3.25 137 11.10
3.50 190 11.42 (Average of
3.75 210 11.76 H and V
+4.00 260 236 12.06 profiles)

4.25 322
4.50 399
4.75 493
+5.00 611 468

________  
_______  __________ _  

~~-- -  1



____  
— 

- 

—~~~~~~~~~—s----- --— ,~ ---- -~~~ ----~~--
-- -.--- ‘—5-

‘~

TABLE hi b Intensity Calibrations (kR) Poker Flat

voltage 5577 42 7 8 ~~~~~ H Beta

—5.00 0 0 0 0
4.75 .030 .035 .37 .013
4.50 .065 .080 .74 .025
4.25 .104 .140 1.10 .038
—4.00 .146 .214 1.47 .050
3.75 .201 .313 1.84 .062
3.50 .281 .425 2.20 .~O74
3.25 .373 .534 2.57 .086

—3.00 .500 .689 2.91 .099

• 2.75 .654 .867 3.28 .111
2.50 .827 1.067 3.64 .123
2.25 1.04 1.335 4.01 .135
—2.00 1.29 1.65 4.36 .147

C 1.75 1.70 2.00 4.73 .159
1.50 1.96 2.51 5.08 .171
1.25 2.48 3.11 5.45 .183

—1.00 3.19 3.87 5.82 .195
0.75 4.04 4.67 6.18 .208
0.50 5.0 5.78 6.54 .220
0.25 6.15 7.12 6.90 .232
0 7.50 8.67 7.27 .244

0.25 9.23 10.45 7.64 .256
0.50 11.15 12.90 7.99 .268
0.75 13.47 15.57 8.36 .280
+1.00 16.54 19.12 8.73 .292
1.25 20.19 23.35 9.09 .304
1.25 24.61 28.47 9.46 .316

1.75 30.57 35.59 9.81 .329

+2.00 36.92 43.37 10.18 .341
2.2:. 44.22 53.38 10.55 .353
2.50 53.84 64.50 10.91 .365
2.75 65.38 80.07 11.28 .377
+3.00 84.60 95.64 11.65 .389

3.25 96.14 115.77 12.01 .40 1
3.50 121.1 137.90 12.38 .414

3.75 146.1 157.9 12.75 .426

+4.00 155.7 211.3 13.10 .438

4.25 211.5 13.47 .450

4.50 259.6 13.84 .463
4 . 7 5  321.1 14.20 .475

+5 .00 385 14.57 .487
(Ave r age of

H and V
p rof i l es)  
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Figure 8. MSP Frame from Ft. Yukon at Typical Auroral Brightness
During Launch.
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Section 8 - Television Coverage

- Television data was obtained at Poker Flat and is available for

- 

- detailed study if necessary in conjunction wi th the analysis of the

rocket data .

I
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- Section 9 - Riometer Data

Riometers are operated at Ft. Yukon , Col l ege and Poker Flat.

-
- Absorption is measured at 30 MHz. Figure 10 shows the records from Ft.

-

- 

Yukon and Poker Flat from 0700 to 1000 UT on April 1 , 1976. Absorption

values of 2 db occured at Poker Flat during this launch. The exact values

- of absorption are accurate to + 1 db for this level of activity .
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Figure 10. Riometer Absorption from Poker Flat and Ft. Yukon.
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- Section 10 - lonosonde Data

The ionosonde at College operates between .5 and 20 MHz at vertica l

- incidence. It requires approximately 30 seconds to sweep over the coni-

plete frequency range and is normally programmed to operate once every

15 minutes, on the minute . However , for this period of interest on

Apri l 1 , 1976, no data was acquired due to equipment malfuncti on .
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Section 11 - DMSP Satellite Photographic Data

The Air Force weather DMSP satellites record auroral activity on

- nighttime passes over the auroral zone. However, no data anywhere

close to the Alaskan sector are available for this launch .
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